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1
SEMICONDUCTOR PACKAGE STRUCTURE

BACKGROUND

The semiconductor industry has experienced rapid growth
due to continuous improvements in the integration density of
various electronic components (i.e., transistors, diodes,
resistors, capacitors, etc.). For the most part, this improve-
ment 1n mtegration density has come from repeated reduc-
tions 1n minimum feature size, which allows more of the
smaller components to be imtegrated into a given area. These
smaller electronic components also require smaller packages
that utilize less area than previous packages. Some smaller
types of packages for semiconductor components include
quad tlat packages (QFPs), pin grid array (PGA) packages,
ball gnd array (BGA) packages, and so on. Currently, a
technique of integrated fan-out (InFO) packages having
more compactness 1s developed and utilized 1n various
package applications.

For example, the InFO package 1s utilized for packaging
a radio frequency integrated circuit (RFIC) chip with an
integrated antenna. However, the performance of the inte-
grated antenna still needs to be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 schematically illustrates a perspective view of a
semiconductor package structure in accordance with some
embodiments.

FI1G. 2 schematically 1llustrates an explored view showing
some of the components of a semiconductor package struc-
ture 1 accordance with some embodiments.

FIG. 3 schematically illustrates a cross sectional view of
a semiconductor package structure in accordance with some
embodiments.

FIG. 4 to FIG. 12 schematically illustrate respective
processes of the method of fabricating a semiconductor
package structure in accordance with some embodiments of
the disclosure.

FIG. 13 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments.

FIG. 14 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments.

FIG. 15 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments.

FIG. 16 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments.

FIG. 17 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments.

FIG. 18 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments.
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FIG. 19 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments.

DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed i1n direct
contact, and may also 1include embodiments 1in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itsell dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation 1n addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

In FIGS. 1 to 3, a semiconductor package structure 100
may include an encapsulation body 110, a radio frequency
integrated circuit (RFIC) chip 120, a first antenna structure
130, a second antenna structure 140, and a redistribution
circuit structure 150. In FIG. 1, the X axis, the Y axis and the
/. axis shows the dimensions in a stereo space and the
dispositions and orientations of respective components 1n
the semiconductor package structure 100 may be better
understood by reference to the X axis, the Y axis and the Z
axis. In addition, FIG. 1 schematically illustrates the outlines
of the respective components in the semiconductor package
structure 100 without shielding another component, but 1n a
real product, at least some of these components may be
opaque. FIG. 2 omits some components of the semiconduc-
tor package structure 100 to clearly present the disposition
relationship of the shown components.

As shown 1 FIGS. 1 to 3, the RFIC chip 120 1s embedded
in the encapsulation body 110. The first antenna structure
130 1s disposed at a lateral side of the RFIC chip 120. The
second antenna structure 140 1s stacked on the RFIC chip
120. The second antenna structure 140 may be located at the
back side of the RFIC chip 120, where the back side 1s
opposite to the side of the active surface of the RFIC chip
120. The redistribution circuit structure 150 1s located at the
side of the active surface of the RFIC chip 120 and config-
ured to electrically connect the RFIC chip 120 with the first
antenna structure 130 and the second antenna structure 140.

The encapsulation body 110 may include a first insulating
encapsulation 112 and a second insulating encapsulation 114
disposed on the first insulating encapsulation 112. The RFIC
chup 120 1s formed embedded in and encapsulated by the
first insulating encapsulation 112 of the encapsulation body
110. In some embodiments, one of the {first insulating
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encapsulation 112 and the second insulating encapsulation
114 may have a lower dissipation factor than the other. In
some alternative embodiments, the material of the first
insulating encapsulation 112 and that of the second 1nsulat-
ing encapsulation 114 may be the same.

The first antenna structure 130 may include a first con-
ductor layer 132 and a plurality of first patches 134. The first
conductor layer 132 and the first patches 134 are located at
two opposite sides of the encapsulation body 110. The first
conductor layer 132 may be spaced apart from the first
patches 134 by both the first insulating encapsulation 112
and the second insulating encapsulation 114. The first con-
ductor layer 132 may be formed integrally by a portion of
the redistribution circuit structure 150. Although FIGS. 1 to
3 schematically show the first conductor layer 132 as a layer
structure, the first conductor layer 132 may be patterned and
include a ground layer and a feed line, where the feed line
may be electrically connected or coupled to the first patches
134. In addition, the semiconductor package structure 100
may further include a plurality of first through via conduc-
tors 162 each of which penetrates through the first insulating,
encapsulation 112 and a plurality of second through via
conductors 170 each of which penetrates through the second
insulating encapsulation 114. The first through via conduc-
tors 162 are connected to the second through via conductors
170 and the first patches 134 may be electrically connected
to the RFIC chip 120 through the second through wvia
conductors 170, the first through via conductors 162 and the
redistribution circuit structure 150. In some alternative
embodiments, the first through via conductors 162 and the
second through via conductors 170 may be omitted and the
first patches 134 may be electrically coupled to the feed line
in the first conductor layer 132 without a physical connec-
tion therebetween.

The second antenna structure 140 is stacked on the RFIC
chip 120 and may include the second conductor layer 142
and a plurality of second patches 144. The second conductor
layer 142 1s disposed between the RFIC chip 120 and the
second insulating encapsulation 114 of the encapsulation
body 110. The second insulating encapsulation 114 1s
located between the second conductor layer 142 and the
second patches 144. Although FIGS. 1 to 3 schematically
show the second conductor layer 142 as a layer structure, the
second conductor layer 142 may be patterned and include a
ground layer and a feed line, where the feed line may be
clectrically connected or coupled to the second patches 144.
In addition, the semiconductor package structure 100 may
turther includes the first through via conductors 164 cach of
which penetrates through the first insulating encapsulation
112. Each of the first through via conductors 164 1s con-
nected to the redistribution circuit structure 150 at one end
and connected to the second conductor layer 142 at the
opposite end. Accordingly, the second conductor layer 142
may be electrically connected to the RFIC chip 120 through
the first through via conductors 164 and the redistribution
circuit structure 150. The second patches 144 may be
clectrically coupled to the second conductor layer 142
without a physical connection. In some alternative embodi-
ments, one or more second through via conductor penetrat-
ing the second insulating encapsulation 114 may be further
configured corresponding to the second patches 144 to
connect the second patches 144 with the second conductor
layer 142.

The semiconductor package structure 100 may further
include a lateral antenna 180. The lateral antenna 180 may
be electrically connected to the RFIC chip 120 through the
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may be embedded 1n the first mnsulating encapsulation 112
and located at a lateral side of the RFIC chip 120. In FIG.
2, the lateral antenna 180 may be a dipole antenna consisting
of two 1dentical conductive elements 180A and 180B that
are bilaterally symmetrically arranged, but the disclosure 1s
not limited thereto. In some alternative embodiments, the
lateral antenna 180 may be a Yagi-Uda antenna which may
at least include a reflector, a pair of drivers and a director. In
FIGS. 1 to 3, the first antenna structure 130 may be located
between the lateral antenna 180 and the second antenna
structure 140 1n the lateral direction, but the disclosure 1s not
limited thereto. In some alternative embodiments, the lateral
antenna 180 and the first antenna structure 130 may be
located at opposite sides of the second antenna structure 140
in the lateral direction. In some further alternative embodi-
ments, the lateral antenna 180 may be omatted.

In some embodiments, the semiconductor package struc-
ture 100 may further include a dielectric layer 190. The
dielectric layer 190 may be disposed between the first
insulating encapsulation 112 and the second insulating
encapsulation 114, but the disclosure 1s not limited thereto.
In some alternative embodiments, the dielectric layer 190
may be omitted such that the first insulating encapsulation
112 may be 1n contact with the second insulating encapsu-
lation 114. One or more conductive bump B may further be
disposed on and electrically connected to the redistribution
circuit structure 150. The conductive bump B 1s used for
bonding to an external device and electrically connecting the
RFIC chip 120 to the external device. In addition, one or
more passive component PD may be connected to the
redistribution circuit structure 150 of the semiconductor
package structure 100. The passive component PD may
include a capacitor, a resistor, an inductor, efc.

In some embodiments, the RFIC chip 120 may include an
integrated electrical circuit operating in a frequency range
suitable for wireless transmission. The RFIC chip 120 may
be electrically connected to the lateral antenna 180 through
the redistribution circuit structure 150, electrically con-
nected to the first antenna structure 130 through the redis-
tribution circuit structure 150, the first through via conduc-
tors 162 and the second through via conductors 170, and
clectrically connected to the second antenna structure 140
through the redistribution circuit structure 150 and the first
through via conductors 164. The lateral antenna 180, the first
antenna structure 130 and the second antenna structure 140
may respectively generate an electromagnetic wave such as
a microwave or receive a microwave from an external for the
wireless communication function.

As shown 1n FIGS. 1 to 3, the first patches 134 of the first
antenna structure 130 and the second patches 144 of the
second antenna structure 140 may be disposed on the same
surface S114 of the second insulating encapsulation 114 of
the encapsulation body 110, and the first conductor layer 132
of the first antenna structure 130 and the second conductor
layer 142 of the second antenna structure 140 may be
disposed on two opposite surfaces of the first insulating
encapsulation 112. Accordingly, the first distance D1
between the first conductor layer 132 and the first patches
134 1s larger than the second distance D2 between the
second conductor layer 142 and the second patches 144. In
some embodiments, a total thickness of the first insulating
encapsulation 112 and the second insulating encapsulation
114 may be 600 um to 800 um. As such, the first distance D1
may be ranged from 600 um to 800 um or larger which may
help to eflectively reduce the interference on the first patches
134 caused by the ground layer of the first conductor layer
132. The first patches 134 of the first antenna structure 130
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may receive or generate a microwave with lower frequency
than the second patches 144 of the second antenna structure
140. Accordingly, the first antenna structure 130 and the
second antenna structure 140 may provide different trans-
mission frequencies. In some embodiments, the respective
sizes of the first patches 134 may be different from the
respective sizes of the second patches 144. As shown in
FIGS. 1 to 3, the respective sizes of the first patches 134 may
be larger than the respective sizes of the second patches 144,
but the disclosure 1s not limited thereto.

FIG. 4 to FIG. 12 schematically illustrate respective
processes of the method of fabricating a semiconductor
package structure in accordance with some embodiments of
the disclosure. In FIG. 4, a carrier 10 1s provided. The carrier
10 may have suilicient rigidity or stiflness for providing a
solid stand for the subsequent process. The carrier 10 may
be, but not limited to a glass carrier. In some embodiments,
the carrier 10 may be removed from the device formed
thereon so as to fimish the final device and thus a temporary
adhesive layer may be formed on the carrier 10. In some
embodiments, a dielectric layer 12 may be formed on the
carrier 10 and serve as the temporary adhesive layer, but the
disclosure 1s not limited thereto. In addition, a conductive
layer (not shown) 1s formed on the dielectric layer 12 and 1s
patterned to form the first patches 134 and the second
patches 144. The conductive layer may be formed on the
carrier 10 through chemical vapor deposition (CVD), physi-
cal vapor deposition (PVD), atomic layer deposition (ALD),
high density plasma CVD (HDPCVD), plating, other suit-
able methods, and/or combinations thereof. The material of
the conductive layer may include, for example, titanium,
tungsten, aluminum, copper, metal alloys, metal silicide,
other suitable materials, and/or combinations thereof.

In FIG. 5, the second through via conductors 170 may be
formed on the first patches 134. In some embodiments, the
second through via conductors 170 may be fabricated by the
following process. A pattern defining layer (not shown)
having openings with predetermined depths may be formed
on the carrier 10 and cover the first patches 134 and the
second patches 144. The openings of the pattern defining
layer may expose a portion of the first patches 134. Subse-
quently, a conductive material fills into the openings of the
pattern defining layer to form the second through via con-
ductors 170 by chemical vapor deposition (CVD), physical
vapor deposition (PVD), atomic layer deposition (ALD),
high density plasma CVD (HDPCVD), plating, other suit-
able methods, and/or combinations thereof. The conductive
material includes, for example, titanium, tungsten, alumi-
num, copper, metal alloys, metal silicide, other suitable
materials, and/or combinations thereof. In some embodi-
ments, the thickness of the pattern defining layer may be
determined based on the required heights of the second
through via conductors 170. Subsequent to the formation of
the second through via conductor 170, the pattern defining,
layer 1s removed such that the structure as shown 1n FIG. 5
1s achieved.

In FIG. 6, the second insulating encapsulation 114 1s
formed to encapsulate the first patches 134, the second
patches 144 and the second through via conductors 170. A
material of the second insulating encapsulation 114 may be
a resin capable of being cured through a thermal cure
process or UV cure process. In some embodiments, the
process of FIG. 5 may be omitted and the process of FIG. 6
may be performed right after the process of FIG. 4.

In FIG. 7, the dielectric layer 190 may be formed on the
structure made by performing the processes of FIGS. 4 to 6.
The dielectric layer 190 may cover the second insulating
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encapsulation 114 and may be patterned to expose a portion
of the end surfaces of the second through via conductors
170. Subsequently, a circuit structure 14 1s formed on the
dielectric layer 190, where the circuit structure 14 may
include the second conductor layer 142 and the connecting
patterns 16. In some embodiments, the dielectric layer 190
may be omitted and the circuit structure 14 may be disposed
directly on the second insulating encapsulation 114. In other
words, the second conductor layer 142 may be in direct
contact with the second insulating encapsulation 114. The
second conductor layer 142 1s located above and opposite to
the second patches 144. The second conductor layer 142
may not overlap the first patches 134. In some embodiments,
the second conductor layer 142 may have specific pattern to
form at least one feed line configured to be electrically
coupled to the second patches 144 and a ground layer. The
second conductor layer 142 and the second patches 144
spaced apart by the second insulating encapsulation 114
form the second antenna structure 140. The connecting
patterns 16 may be 1n contact with the second through via
conductors 170. In some embodiments, the connecting pat-
terns 16 may be omitted.

Thereafter, as shown 1 FIG. 8, the first though via
conductors 162 and 164 and the lateral antenna 180 may be
formed on the circuit structure 14 and the dielectric layer
190. In some embodiments, the first though via conductors
162 and 164 and the lateral antenna 180 may be fabricated
by the following process. A pattern defining layer (not
shown) having openings with predetermined depths may be
formed on the carrier 10 and cover the circuit structure 14
and the dielectric layer 190. The openings of the pattern
defining layer may expose the second conductor layer 142,
the connecting patterns 16, and the dielectric layer 190.
Subsequently, a conductive material fills into the openings of
the pattern defining layer to form the first through wia
conductors 162, the first through via conductors 164, and the
lateral antenna 180 by chemical vapor deposition (CVD),
physical vapor deposition (PVD), atomic layer deposition
(ALD), high density plasma CVD (HDPCVD), plating,
other suitable methods, and/or combinations thereof. The
conductive material includes, for example, titanium, tung-
sten, aluminum, copper, metal alloys, metal silicide, other
suitable materials, and/or combinations thereof. In some
embodiments, the thickness of the pattern defining layer
may be determined based on the required height of the first
through via conductors 162 and 164 and the lateral antenna
180. Subsequent to the formation of the first through via
conductors 162 and 164 and the lateral antenna 180, the
pattern defining layer 1s removed such that the structure as
shown 1n FIG. 8 1s achieved. The first through via conduc-
tors 162 connected to the connecting patterns 16 may be
clectrically connected to the second through via conductors
170. Accordingly, the connecting patterns 16 may be con-
figured to electrically and physically connect the (first
through via conductors 162 and the second through wvia
conductors 170. The first through via conductors 164 may be
clectrically connected to the second conductor layer 142.

In FIG. 9, the RFIC chip 120 may be picked up and placed
on the second conductor layer 142. The RFIC chip 120 1s
attached on the second conductor layer 142 1n a manner the
active surface facing upwards as oriented 1n this illustrative
example. The RFIC chip 120 may include semiconductor
devices or integrated circuits that have been previously
manufactured on a semiconductor substrate. The RFIC chip
120 may include one or more layers of electrical circuitry
and/or electronic functions formed thereon, and may include
conductive lines, vias, capacitors, diodes, transistors, resis-
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tors, inductors, and/or other electrical components, for
example (not shown). The RFIC chip 120 1s attached onto
the second conductor layer 142 by using a die attach film
(not marked). A material of the die attach film may include

a thermoplastic material, such as epoxy resin, phenol resin, 5
or poly-olefin, as examples, although alternatively, other
thermoplastic materials or polymers compatible with semi-
conductor processing environments may be used. The die
attach film may be formed on the second conductor layer
142 using a lamination process, for example. Alternatively, 10
the die attach film may be applied by other techniques and
may have other dimensions.

In addition, subsequent to the attachment of the RFIC chip
120 onto the second conductor layer 142 through the die
attach film, the first insulating encapsulation 112 1s formed 15
to encapsulate the RFIC chip 120, the lateral antenna 180
and the first through via conductors 162 and 164 as shown
in FIG. 9. A material of the first insulating encapsulation 112
may be a resin capable of being cured through a thermal cure
process or a UV cure process. In some embodiments, the 20
material of the first insulating encapsulation 112 may be the
same as that of the second 1nsulating encapsulation 114, but
the disclosure 1s not limited thereto. The material of the first
insulating encapsulation 112 may have a dissipation factor
different from that of the second insulating encapsulation 25
114. In some embodiments, a grinding process or a polishing
process may be performed after the formation of the first
insulating encapsulation 112 to expose a portion of the
clectrical circuitry of the RFIC chip 120, the first through via
conductors 162, the first through via conductors 164 and the 30
lateral antenna 180.

Thereafter, 1n FIG. 10, the redistribution circuit structure
150 may be formed on the first insulating encapsulation 112.
The redistribution circuit structure 150 may 1nclude at least
one metal layer forming conductive traces which may pro- 35
vide a predetermined layout for mapping the electrical
conduction paths of the RFIC chip 120. A portion of the
metal layer 1n the redistribution circuit structure 150 may
extend exceeding the RFIC chip 120 and form the first
conductor layer 132. The first conductor layer 132 may be 40
clectrically connected to the RFIC chip 120 through the
redistribution circuit structure 150. In addition, a portion of
the redistribution circuit structure 150 may be connected to
the first through via conductors 164 so that the second
conductor layer 142 i1s electrically connected to the RFIC 45
chip 120 through the redistribution circuit structure 150 and
the first through via conductors 164. The lateral antenna 180
may also be electrically connected to the RFIC chip 120
through another portion of the redistribution circuit structure
150. 50

The first conductor layer 132 may be disposed opposite to
the first patches 134. In the embodiment, the first conductor
layer 132 may have specific pattern to form a feed line and
a ground layer, where the feed line may be configured to be
clectrically coupled or connected to the first patches 134 to 55
form the first antenna structure 130 located beside the RFIC
chip 120. The first conductor layer 132 and the first patches
134 are spaced apart by at least the first insulating encap-
sulation 112 and the second 1nsulating encapsulation 114. In
the embodiment, the first conductor layer 132 may be 60
clectrically connected to the first patches 134 through the
first through via conductors 162 and the second through via
conductors 170. In some alternative embodiments, the first
through via conductors 162 and the second through wvia
conductors 170 may be omitted and the first conductor layer 65
132 may be electrically coupled to the first patches 134
without a directly physical connection.

8

In FIG. 11, one or more conductive bump B may be
formed on the redistribution circuit structure 150 for bond-
ing to an external component such as a circuit board. The
conductive bump B may be a controlled collapsing chip
connector (*“C4”), a solder bump, or other connector capable
of connecting the redistribution circuit structure 150 to an
external device. Thereatter, as shown 1n FIG. 12, the device
fabricating by performing the processes of FIGS. 4 to 11 1s
mounted on a support frame SF and a debonding process 1s
performed to remove the carrier 10 from the dielectric layer
12. In some embodiments, the debonding process may
include applying an energy beam to the boundary between
the carrier 10 and the dielectric layer 12. During or after the
debonding process, the dielectric layer 12 may be partially
or wholly removed. The first patches 134 and the second
patches 144 may be exposed and the semiconductor package
structure 100 as shown 1n FIGS. 1 to 3 may be achieved.

FIG. 13 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments. In FIG. 13, a semiconductor pack-
age structure 200 may be similar to the semiconductor
package structure 100 and include an encapsulation body
110, an RFIC chip 120, a first antenna structure 130, a
second antenna structure 140, a redistribution circuit struc-
ture 150, a plurality of first through via conductors 162 and
164, a plurality of second through via conductors 170, a
lateral antenna 180, a dielectric layer 190, a plurality of
conductive bumps B, and a plurality of passive components
PD. The above components may have the same or similar
structures, functions, and disposition locations as those
depicted 1n FIGS. 1 to 3 and may be fabricated by perform-
ing the processes of FIGS. 4 to 12.

In the semiconductor package structure 200, the connect-
ing pattern 202 may be connected between one first through
via conductor 162 and one second through via conductor
170. In some embodiments, the connecting pattern 202 may
be fabricated using the process depicted in FIG. 7. The first
through via conductor 162 in the embodiment may not align
or overlap the second through via conductor 170 and the
connecting pattern 202 may extend exceeding the end sur-
face of the second through via conductor 170. As such, the
first through via conductor 162 may be connected to a first
section 202A of the connecting pattern 202 and the second
through via conductor 170 may be connected to a second
section 202B of the connecting pattern 202. The first section
202A and the second section 202B may not overlap. The
connecting pattern 202 may facilitate to connect the first
through via conductors 162 and the second through via
conductors 170 that are disposed 1n different locations.

FIG. 14 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments. In FIG. 14, a semiconductor pack-
age structure 300 may be similar to the semiconductor
package structure 200, but the semiconductor package struc-
ture 300 does not include the dielectric layer 190. Namely,
the semiconductor package structure 300 may include an
encapsulation body 110, an RFIC chip 120, a first antenna
structure 130, a second antenna structure 140, a redistribu-
tion circuit structure 150, a plurality of first through via
conductors 162 and 164, a plurality of second through via
conductors 170, and a lateral antenna 180. In the embodi-
ment, the encapsulation body 110 includes the first msulat-
ing encapsulation 112 and the second insulating encapsula-
tion 114 and the first insulating encapsulation 112 may be in
direct contact with the second insulating encapsulation 114
without a dielectric layer interposed therebetween.
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FIG. 15 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments. In FIG. 15, a semiconductor pack-
age structure 400 may be similar to the semiconductor
package structure 100, but the semiconductor package struc-
ture 400 does not include the first through via conductors
162 and the second through wvia conductors 170. In the
semiconductor package structure 400, the first patches 134
may be electrically coupled to the first conductor layer 132
without a physical connection and the second patches 144
may be electrically coupled to the second conductor layer
142 without a physical connection. In addition, the second

conductor layer 142 may be electrically connected to the
RFIC chip 120 through the first through via conductors 164

and the redistribution circuit structure 150.

FIG. 16 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments. In FIG. 16, a semiconductor pack-
age structure 500 may be similar to the semiconductor
package structure 400, but the semiconductor package struc-
ture 500 does not include the dielectric layer 190. In the
embodiment, the first insulating encapsulation 112 may be 1n
direct contact with the second insulating encapsulation 114
without a dielectric layer interposed therebetween.

In some embodiments, the first antenna structure 130 and
the second antenna structure 140 in the semiconductor
package structure 100, 200, 300, 400, or 500 may be
configured to transmit the microwave 1n the vertical direc-
tion while the lateral antenna 180 may be configured to
transmit the microwave in the lateral direction for the
wireless communication function. The semiconductor pack-
age structure 100, 200, 300, 400, or 500 may be an antenna
integrated package that 1s encapsulated by the encapsulation
body 110 including the first insulation encapsulation 112 and
the second insulating encapsulation 114. In some embodi-
ments, at least one of the lateral antenna 180 and the second
antenna structure 140 may be omitted, but the disclosure 1s
not limited thereto.

FIG. 17 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments. In FIG. 17, a semiconductor pack-
age structure 600 may include an insulating encapsulation
610, an RFIC chip 620, an antenna structure 630, and an
isolation layer 640. The RFIC chip 620 i1s encapsulated by
and embedded 1n the insulating encapsulation 610. The
antenna structure 630 may be disposed at the lateral side of
the RFIC chip 620. The antenna structure 630 may include
a conductor layer 632 and a plurality of patches 634. The
conductor layer 632 and the patches 634 are located at two
opposite sides of the isulating encapsulation 610. The
isolation layer 640 1s embedded in the nsulating encapsu-
lation 610 and at least located between the conductor layer
632 and the patches 634. In the embodiment, a dissipation
factor of the 1solation layver 640 1s lower than that of the
insulating encapsulation 610.

The semiconductor package structure 600 may further
include a redistribution circuit structure 650 and a lateral
antenna 660. The redistribution circuit structure 650 1is
disposed on the insulating encapsulation 610 and electrically
connected to the RFIC chip 620. In some embodiments, the
conductor layer 632 of the antenna structure 630 and the
redistribution circuit structure 650 may be located at the
same side of the msulating encapsulation 610. The conduc-
tor layer 632 may be formed integrally 1n a metal layer of the
redistribution circuit structure 650 and electrically con-
nected to the RFIC chip 620. In the antenna structure 630,
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the conductor layer 632 may include a feed line coupled to
the patches 634 and a ground layer opposite to the patches

634.

The lateral antenna 660 may be embedded 1n and encap-
sulated by the mnsulating encapsulation 610. The RFIC chip
620 may be electrically connected to the antenna structure
630 and the lateral antenna 660 through the redistribution
circuit structure 650. The antenna structure 630 may be a
patch antenna. The lateral antenna 660 may be a dipole
antenna consisting of two identical conductive elements that
are bilaterally symmetrically arranged or a Yagi-Uda
antenna which includes a retlector, a pair of drivers and a
director. The antenna structure 630 1n the semiconductor
package structure 600 may be configured to transmit the
microwave 1n the vertical direction while the lateral antenna

660 may be configured to transmit the microwave 1n the
lateral direction for the wireless communication function.
The semiconductor package structure 600 may be an
antenna 1ntegrated package. In some embodiments, the
lateral antenna 660 may be omitted, but the disclosure 1s not
limited thereto.

As shown 1 FIG. 17, the i1solation layer 640 may extend
exceeding the patches 634 and overlap the RFIC chip 620.
The RFIC chip 620 may be stacked on the isolation layer
640. The 1solation layer 640 may be encapsulated by and

embedded in the 1nsulating encapsulation 610. As shown 1n
FIG. 17, a sum of the thickness T1 of the 1solation layer 640

and the thickness 12 of the RFIC chip 620 may be substan-
tially the same as the thickness T3 of the insulating encap-
sulation 610. The distance between the conductor layer 632
and the patches 634 may be proximate to the sum of the
thickness 11 of the 1solation layer 640 and the thickness 12
of the RFIC chip 620 and suflicient to effectively reduce the
interference between the ground layer of the conductor layer
632 and the patches 634. In addition, the 1solation layer 640
has a dissipation factor lower than that of the insulating
encapsulation 610 so that the interference between the
ground layer and the patches 634 may be further effectively
reduced. For example, the dissipation factor (Df) of the
1solation layer 640 may be not greater than 0.01. Therelore,
the configuration of the isolation layer 640 may facilitate to
improve the performance of the antenna structure 630 and
the volume of the semiconductor package structure 600 may
be compact. In some embodiments, the antenna structure
630 may be configured to transmit a microwave with low
frequency, e.g. 28 GHz with a good performance.

The fabrication of the semiconductor package structure
600 may include the processes similar to those depicted 1n
FIGS. 7 to 10, where the process of FIG. 7 may be applied
in the embodiment to form the patches 634, the process of
FIG. 8 may be applied in the embodiment to form the lateral
antenna 660, the process of FIG. 9 may be applied 1n the
embodiment to form the insulating encapsulation 610 and
the RFIC chip 620, and the process of FIG. 10 may be
applied 1n the embodiment to form the redistribution circuit
structure 650 and the conductor layer 632. In addition, the
1solation layer 640 may be laminated onto the circuit struc-
ture including the patches 634 before the process of forming
the insulating encapsulation 610 and the process of attaching
the RFIC chip 620. The process of attaching the RFIC chip
620 may include attaching the RFIC chip 620 onto the
1solation layer 640 and the msulating encapsulation 610 may
be formed subsequently to encapsulate the RFIC chip 620
and the 1solation layer 640. In addition, the process of FIG.
11 and the process of FIG. 12 may be applied in the
embodiment, such that the conductive bumps B may be
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connected to the redistribution circuit structure 650 {for
bonding to an external device.

FIG. 18 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments. In FIG. 18, a semiconductor pack-
age structure 700 may be similar to the semiconductor
package structure 600 and include an msulating encapsula-
tion 710, an RFIC chip 620, an antenna structure 630, an
isolation layer 740, the redistribution circuit structure 650,
and the lateral antenna 660. In the embodiment, the struc-
tures, the functions and the disposition locations of the RFIC
chip 620, the antenna structure 630, the redistribution circuit
structure 6350 and the lateral antenna 660 may refer to those
of the semiconductor package structure 600 and not reiter-
ate. In the semiconductor package structure 700, the RFIC
chip 620 and the 1solation layer 740 are embedded in and
encapsulated by the isulating encapsulation 710 and the
RFIC chip 620 does not overlap the 1solation layer 740 1n the
thickness direction. In other words, the 1solation layer 740
may be located at a lateral side of the RFIC chip 620.

The thickness T1 of the 1solation layer 740 may be smaller
than the thickness 12 of the RFIC chip 620 while the
thickness 12 of the RFIC chip 620 may be substantially the
same as thickness T3 of the msulating encapsulation 710. In
other words, the thickness 11 of the 1solation layer 740 may
be smaller than the thickness T3 of the insulating encapsu-
lation 710. The 1solation layer 740 and a portion of the
insulating encapsulation 710 may overlap in the thickness
direction and be interposed between the patches 634 and the
conductor layer 632. The distance between the conductor
layer 632 and the patches 634 may be greater than the
thickness 11 of the 1solation layer 640 and proximate to the
thickness T3 of the insulating encapsulation 710. The dis-
sipation factor of the 1solation layer 740 1s lower than that of
the 1nsulating encapsulation 710, such that the interference
between the ground layer of the conductor layer 632 and the
patches 634 may be reduced.

FIG. 19 schematically illustrates a cross section of a
semiconductor package structure in accordance with some
alternative embodiments. In FIG. 19, a semiconductor pack-
age structure 800 may be similar to the semiconductor
package structure 700 and include an 1nsulating encapsula-
tion 810, an RFIC chip 620, an antenna structure 630, an
1solation layer 840, the redistribution circuit structure 650
and the lateral antenna 660. In the embodiment, the struc-
tures, the functions and the disposition locations of the RFIC
chip 620, the antenna structure 630, the redistribution circuit
structure 650 and the lateral antenna 660 may refer those of
the semiconductor package structure 600 or 700 and not
reiterate. In the semiconductor package structure 800, the
thickness 11 of the 1solation layer 840 may be substantially
the same as the thickness T2 of the RFIC chip 620 as well
as the thickness T3 of the mnsulating encapsulation 810. In
the antenna structure 630, the conductor layer 632 1s paced
apart from the patches 634 by the i1solation layer 840. The
dissipation factor of the isolation layer 840 may be lower
than that of the msulating encapsulation 810, such that the
interference between the ground layer of the conductor layer
632 and the patches 634 may be reduced.

In accordance with some embodiments, a semiconductor
package structure mcludes an encapsulation body, an RFIC
chip, a first antenna structure, and a second antenna struc-
ture. The RFIC chip may be embedded 1n the encapsulation
body. The first antenna structure may be disposed at a lateral
side of the RFIC chip, electrically connected to the RFIC
chip, and include a first conductor layer and a plurality of
first patches opposite to the first conductor layer. The second
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antenna structure may be stacked on the RFIC chip, elec-
trically connected to the RFIC chip, and include a second
conductor layer and a plurality of second patches opposite to
the second conductor layer. The first patches and the second
patches are located at a surface of the encapsulation body. A
first distance between the first conductor layer and the first
patches 1s different from a second distance between the
second conductor layer and the second patches. The encap-
sulation body may include a first insulating encapsulation
and a second 1nsulating encapsulation disposed on the first
insulating encapsulation. The RFIC chip 1s embedded 1n the
first insulating encapsulation. The second conductor layer 1s
spaced apart from the second patches by the second 1nsu-
lating encapsulation. The first conductor layer 1s spaced
apart from the second patches by the first insulating encap-
sulation and the second insulating encapsulation. In some
embodiments, respective sizes of the first patches are larger
than respective sizes of the second patches.

In accordance with some alternative embodiments, a
semiconductor package structure includes a first insulating
encapsulation, a second insulating encapsulation, an RFIC
chip, a redistribution circuit structure, a {irst antenna struc-
ture and a second antenna structure. The second insulating
encapsulation may be disposed on the first insulating encap-
sulation. The RFIC chip may be encapsulated by the first
insulating encapsulation. The redistribution circuit structure
may be disposed on the first msulating encapsulation and
clectrically connected to the RFIC chip. The first antenna
structure may be disposed at a lateral side of the RFIC chip
and electrically connected to the RFIC chip through the
redistribution circuit structure. The first antenna structure
includes a first conductor layer and a plurality of first patches
spaced apart from the first conductor layer by the first
insulating encapsulation and the second 1nsulating encapsu-
lation. The second antenna structure may be disposed on the
RFIC chip and electrically connected to the RFIC chip
through the redistribution circuit structure. The second
antenna structure includes a second conductor layer and a
plurality of second patches spaced apart from the second
conductor layer by the second insulating encapsulation. The
second conductor layer 1s located between the RFIC chip
and the second patches. The first conductor layer 1s inte-
grally formed 1in the redistribution circuit structure. A
through via conductor penetrating through the first msulat-
ing encapsulation and being connected between the redis-
tribution circuit structure and the second conductor layer 1s
turther included 1n the semiconductor package structure. A
first through via conductor penetrating through the first
insulating encapsulation and A second through via conduc-
tor penetrating through the second insulating encapsulation
are Turther included 1n the semiconductor package structure,
The first patches are electrically connected to the RFIC chip
through the first through via conductor, the second through
via conductor and the redistribution circuit structure. A
connecting pattern connected between the first through via
conductor and the second through via conductor 1s further
included 1n the semiconductor package structure. The first
through via conductor 1s connected to a first section of the
connecting pattern and the second through via conductor 1s
connected to a second section of the connecting pattern. A
total thickness of the first insulating encapsulation and the
second msulating encapsulation ranges from 600 um to 800
um. A dielectric layer may be disposed between the first
insulating encapsulation and the second 1nsulation encapsu-
lation. One of the first msulating encapsulation and the
second isulating encapsulation has a lower dissipation
factor than the other. A lateral antenna embedded 1n the first
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insulating compound and electrically connected to the RFIC
chip through the redistribution circuit structure 1s further
included in the semiconductor package structure.

In accordance with some alternative embodiments, a
semiconductor package structure may include an insulating
encapsulation, an RFIC chip, an antenna structure, and an
isolation layer. The RFIC chip may be embedded 1n the
insulating encapsulation. The antenna structure may be
disposed at a lateral side of the RFIC chip, electrically
connected to the RFIC chip, and include a conductor layer
and a plurality of patches opposite to the conductor layer.
The 1solation layer may be disposed between the conductor
layer and the patches and embedded in the msulating encap-
sulation. A dissipation factor of the 1solation layer 1s lower
than that of the insulating encapsulation. The RFIC chip 1s
stacked on the 1solation layer. A thickness of the 1solation
layer 1s the same as a thickness of the insulating encapsu-
lation. A thickness of the i1solation layer i1s smaller than a
thickness of the insulating encapsulation. A redistribution
circuit structure 1s further disposed on the msulating encap-
sulation and electrically connected to the RFIC chip. The
conductor layer 1s integrally formed in the redistribution
circuit structure.

Other features and processes may also be included. For

example, testing structures may be included to aid in the
verification testing of the 3D packaging or 3DIC devices.
The testing structures may include, for example, test pads
formed 1n a redistribution layer or on a substrate that allows
the testing of the 3D packaging or 3DIC, the use of probes
and/or probe cards, and the like. The verification testing may
be performed on intermediate structures as well as the final
structure. Additionally, the structures and methods disclosed
herein may be used 1n conjunction with testing methodolo-
gies that incorporate intermediate verification of known
good dies to increase the yield and decrease costs.
The foregoing outlines features of several embodiments so
that those skilled 1n the art may better understand the aspects
of the present disclosure. Those skilled 1n the art should
appreciate that they may readily use the present disclosure as
a basis for designing or modifying other processes and
structures for carrying out the same purposes and/or achiev-
ing the same advantages of the embodiments introduced
herein. Those skilled 1n the art should also realize that such
equivalent constructions do not depart from the spirit and
scope of the present disclosure, and that they may make
various changes, substitutions, and alterations herein with-
out departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A semiconductor package structure comprising:

an encapsulation body;

a radio frequency integrated circuit (RFIC) chip embed-
ded 1n the encapsulation body;

a first antenna structure disposed at a lateral side of the

RFIC chip, electrically connected to the RFIC chip, and
comprising a first conductor layer and a plurality of first
patches opposite to the first conductor layer; and

a second antenna structure stacked on the RFIC chip,
clectrically connected to the RFIC chip, and compris-
ing a second conductor layer and a plurality of second
patches opposite to the second conductor layer, wherein
the first antenna structure 1s electrically insulated from
the second antenna structure, the first patches and the
second patches are located at a surface of the encap-
sulation body, and a first distance between the first
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conductor layer and the first patches 1s different from a
second distance between the second conductor layer
and the second patches.

2. The semiconductor package structure of claim 1,
wherein the encapsulation body comprises a first insulating
encapsulation and a second insulating encapsulation dis-
posed on the first insulating encapsulation.

3. The semiconductor package structure of claim 2,
wherein the RFIC chip 1s embedded 1n the first insulating
encapsulation.

4. The semiconductor package structure of claim 2,
wherein the second conductor layer 1s spaced apart from the
second patches by the second insulating encapsulation.

5. The semiconductor package structure of claim 2,
wherein the first conductor layer 1s spaced apart from the
second patches by the first insulating encapsulation and the
second 1nsulating encapsulation.

6. The semiconductor package structure of claim 1,
wherein respective sizes ol the first patches are larger than
respective sizes ol the second patches.

7. A semiconductor package structure comprising:

a first msulating encapsulation;

a second isulating encapsulation disposed on the first

insulating encapsulation;

an RFIC chip encapsulated by the first insulating encap-
sulation;

a redistribution circuit structure disposed on the first
insulating encapsulation and electrically connected to
the RFIC chip;

a first antenna structure disposed at a lateral side of the
RFIC chip and electrically connected to the RFIC chip
through the redistribution circuit structure, wherein the
first antenna structure comprises a first conductor layer
and a plurality of first patches spaced apart from the
first conductor layer by the first insulating encapsula-
tion and the second insulating encapsulation; and

a second antenna structure disposed on the RFIC chip and
clectrically connected to the RFIC chip through the
redistribution circuit structure, wherein the first antenna
structure 1s electrically insulated from the second
antenna structure, the second antenna structure com-
prises a second conductor layer and a plurality of
second patches spaced apart from the second conductor
layer by the second insulating encapsulation, and the
second conductor layer 1s located between the RFIC
chip and the second patches.

8. The semiconductor package structure of claim 7,
wherein the first conductor layer 1s integrally formed in the
redistribution circuit structure.

9. The semiconductor package structure of claim 7, fur-
ther comprising a through via conductor penetrating through
the first insulating encapsulation and being connected
between the redistribution circuit structure and the second
conductor layer.

10. The semiconductor package structure of claim 7,
turther comprising a first through via conductor penetrating
through the first insulating encapsulation and a second
through via conductor penetrating through the second 1nsu-
lating encapsulation, wherein the first patches are electri-
cally connected to the RFIC chip through the first through
via conductor, the second through via conductor and the
redistribution circuit structure.

11. The semiconductor package structure of claim 10,
further comprising a connecting pattern connected between
the first through via conductor and the second through via
conductor, wherein the first through via conductor 1s con-
nected to a first section of the connecting pattern and the
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second through via conductor 1s connected to a second
section of the connecting pattern.

12. The semiconductor package structure of claim 7,
wherein a total thickness of the first insulating encapsulation
and the second nsulating encapsulation ranges from 600 um
to 800 um.

13. The semiconductor package structure of claim 7,
turther comprising a dielectric layer disposed between the

first insulating encapsulation and the second insulation
encapsulation.

14. The semiconductor package structure of claim 7,
wherein one of the first insulating encapsulation and the
second 1nsulating encapsulation has a lower dissipation
tactor than the other.

15. The semiconductor package structure of claim 7,
turther comprising a lateral antenna embedded 1n the first
insulating encapsulation and electrically connected to the
RFIC chip through the redistribution circuit structure.

16. A semiconductor package structure comprising:

a first insulating encapsulation;

a second insulating encapsulation disposed on the first
insulating encapsulation, wherein a dissipation factor
of the first msulating encapsulation 1s different from
that of the second 1nsulating encapsulation;

an RFIC chip encapsulated by the first insulating encap-
sulation;

a redistribution circuit structure disposed on the first

insulating encapsulation and electrically connected to
the RFIC chip;
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a {irst patch antenna structure disposed at a lateral side of
the RFIC chip and electrically connected to the RFIC
chip through the redistribution circuit structure; and

a second patch antenna structure overlapped with the
RFIC chip and electrically connected to the RFIC chip
through the redistribution circuit structure, wherein the
first patch antenna structure and the second patch
antenna structure perform wireless communication
respectively.

17. The semiconductor package structure of claim 16,
wherein the first conductor layer 1s integrally formed in the
redistribution circuit structure.

18. The semiconductor package structure of claim 16,
turther comprising a first through via conductor penetrating
through the first insulating encapsulation and a second
through via conductor penetrating through the second 1nsu-
lating encapsulation, wherein the first patches are electri-
cally connected to the RFIC chip through the first through
via conductor, the second through via conductor and the
redistribution circuit structure.

19. The semiconductor package structure of claim 16,
turther comprising a dielectric layer disposed between the
first 1nsulating encapsulation and the second insulation
encapsulation.

20. The semiconductor package structure of claim 16,
further comprising a lateral antenna embedded in the first
insulating encapsulation and electrically connected to the
RFIC chip through the redistribution circuit structure.
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